Chlorpyrifos (O,O-diethyl 0-(3,5,6-trichloro-2-pyridyl) phosphorothioate) belongs to the organophosphate insecticide (OPs) family, and is widely used to kill aphids in fruit farms. The demand for this insecticide is increasing. To our knowledge, there is no biological monitoring data for fruitfarm worker exposure to chlorpyrifos insecticide is available in Thailand. Biological monitoring is an essential component of any comprehensive assessment of exposure. In fact, these farm workers were at high risk of direct exposure to pesticides while mixing, loading, or spraying pesticide. [1] [2] [3] [4] It has been reported that chlorpyrifos insecticide is rapidly absorbed by skin contact and/or oral administration, metabolized and excreted by mammals.
ergic receptors. The levels of ChE appear to be controlled by the interaction of acetylcholine with its receptors, with enhanced interaction increasing the levels of ChE. 15) This study aims to investigate any changes in ChE activity reflecting the cholinergic function of fruit farm workers exposed to the neurotoxin, chlorpyrifos insecticide, during one fruit crop. For this purpose, the blood ChE activities of 53 farm workers on fruit farms in Rayong Province, Thailand, were collected and analyzed.
In the present study, a significant decrease in plasma (PChE), but not red blood cell ChE (AChE) activity after exposure to chlorpyrifos in the spraying season, compared with the non-spraying season, was found. The results suggest an interaction between chlorpyrifos and monoaminergic-cholinergic neurotransmission that leads to a decrease in the functional enzyme available to degrade acetylcholine. We propose that PChE activity can be used as a biomarker for monitoring early toxicity induced by chlorpyrifos insecticide. Determination of baseline red blood cell and plasma cholinesterase activity among applicators in the non-spraying season is very important, before identifying the effects of these pesticide exposures.
Experimental
Farm Sites and Farm Worker Participants This study was conducted in the period May-December, 2003. The fruit farms in this study are located in Rayong Province, in the east of Thailand. Farm selection was based on the following eligibility criterion: farms mainly using chlorpyrifos to control aphids during that period.
The farm workers (53 persons) recruited was Thai men and women who were only exposed to chlorpyrifos due to their agricultural occupations, whose ages ranged between 16-60 years. The insecticide was applied using conventional sprayer tanks. Applicators in these situations wear chemical- Key words chlorpyrifos; plasma cholinesterase (PChE); red blood cell cholinesterase (AChE); fruit farm worker, biomarker resistant boots and gloves. Participants were asked about occupational pesticide use and the frequency of both residential and agricultural pesticide use in and around the home during the past 6 months.
All procedures involving human subjects were reviewed and approved by the University of Washington, U.S.A., and the Human Subjects Review Committee of Mahidol University, Thailand, before the study began.
Chemicals All reagents used were analytical grade and used without any purification. Acetylthiocholine iodide (ATCh), 5,5Јdithiobis-2-nitrobenzoic acid (DTNB), purified cholinesterase (Chase, EC 3.1.1.7) were from Sigma Aldrich, Sigma Chemical Co., U.S.A.
Blood Sample Collection Blood collection was done regularly for the same 53 farm workers at least 30 d before (non-spraying season) and at least 30 d after (in-spraying season) exposure to chlorpyrifos. Whole blood samples (5 ml) were collected in green-topped Vacutainer tubes containing heparin, and the samples were mixed immediately by turning them upside down 3-5 times to ensure mixture with the anticoagulant. Samples were kept in an icebox before transportation, within 2 h, from the field to the laboratory. Hematocrit counts were performed. Blood samples were centrifuged at 1200ϫg for 5 min, and the plasma was collected in 1.5 ml centrifuge tubes and stored at Ϫ20°C prior to analysis. The pallets of erythrocytes were washed twice with phosphate buffer solution (PBS) pH 7.0. Physiological normal saline solution (0.9% NaCl) with the same volume of plasma withdrew was added to the erythrocytes and the product was kept at Ϫ20°C until analysis.
Measurment of ChE Activity in Plasma and Red Blood Cells ChE activity was analyzed by Ellman's method 13) with some modification. ChE activity to catalyze ATCh hydrolysis may be summarized in reactions 1 and 2.
acetylthiocholine ChE
ChE activity may be measured spectrophotometrically by following the formation of the hydrolysis product, yellow colored 5-thio-2-nitrobenzoic acid (TNB) compound, at 412 nm. The reactions were performed in a spectrophotometer (Hewlett Packard HP 8435). Experiments were conducted in a 1-cm quartz cuvette containing 3 ml of solution under continuous stirring. The temperature was controlled at 37°C using a Peltier model 89090A temperature-controlled cell holder. Absorbance at 412 nm was registered as a function of time. The initial rate of ATCh hydrolysis (V i ) in the presence of ChE can be determined by the slope of the tangent to the curve of Abs (412 nm) ϭf(t). The molar extinction coefficient (e) at 412 used is equal to 13600 M Ϫ1 · cm
Ϫ1
. In order to measure ChE activity in plasma (PChE) and red blood cells (AChE), a series of experiments with similar conditions was performed. A plasma sample (10 ml) was added to a 1-cm quartz cuvette containing 3 ml of 0.1 M phosphate buffer, pH 8 and 3ϫ10
Ϫ4 M DTNB. The reaction was initiated by addition of varied concentrations of ATCh as substrate, ranging from 2 to 6ϫ10 Ϫ5 M. To measure AChE, red blood cells were thawed and diluted using normal saline solution, as follows; 10 ml of red blood cells in 2990 ml of normal saline solution and 80 ml of diluted red blood cell solution, were used for analysis. We checked that using 80 ml of diluted red blood cell solution did not disturb the measurement system. The Michaelis-Menten's constant, K m , of each sample was determined using a Lineweaver-Burke plot for plasma and red blood cells.
The ChE activity is reported as V m /K m in s Ϫ1 units, which signify the ability of ChE to catalyze acetylthiocholine hydrolysis per turnover. As V m is dependent to amount of enzyme, the PChE activity value was normalized by unit volume (L) and that of AChE activity by concentration of hemoglobin. Indeed, V m /K m is a specific indicator that reflects ChE activity, and/or the quantity of ChE, in both plasma and red blood cells.
Statistical Analysis Descriptive data, and T-test analyses were performed with SPSS software version 10. The paired t-test was used for comparisons of mean PChE and AChE activities between the non spraying-season and the spraying season.
Results

Measurement of Cholinesterase Activity in Plasma and Red Blood Cells
The validation of the spectrophotmetric technic for measurement of kinetic parameters of ChE catalysed acetylthiocholine hydrolysis was performed using purified AChE (EC 3.1. , respectively. However, the mean V m /K m value was shift to left site (t-test, pϭ0.013) indicating a decrease in PChE activity in the farm workers with exposure to chlorpyrifos. Table 1 shows the significance (p-value) of PChE between the non-spraying season and in-spraying season (paired t-test, pϭ0.013). However, AChE was not significantly different between the non-spraying and the in-spraying season (paired t-test, pϭ0.246).
Discussion
The organophosphate insecticides mediate toxicity via inhibition of neuropathy target esterase (NTE) and AChE, which cause delayed neuropathy and acute neurotoxicity, respectively. ChE, such as butyrylcholinesterase (EC 3.1.1.8) and acetylcholinesterase (EC 3.1.1.7), has been used as a biomarker for exposure to organophosphates and carbamates in the field. 10, 11, [16] [17] [18] However, a panel of experts who met to discuss the data available on chlorpyrifos, both human and animal, concluded that inhibition of BuChE is not an adverse effect, and the reference dose for chlorpyrifos should be based on AChE inhibition. 19) Moreover, Chen et al. reported that the inhibition of AChE activity is consistently exhibited at lower dosages of chlorpyrifos than those required to result in clinical symptoms of OP toxicity, or alterations in cognitive functional responses. The inhibition of red blood cell AChE activity is 12-to 14-fold more sensitive as an indicator of chlorpyrifos exposure than the AChE in the most sensitive relevant neurological tissues (brain or retina). These authors proposed that the inhibition of AChE activity is an appropriate surrogate measurement of chlorpyrifos exposure, and provides a conservative endpoint for establishing appropriate margins of safety for both adults and infants. 20) Contrary to the report by Chen et al., the main finding of the present study was a significant decrease in PChE, but not in AChE, activity of 53 farm workers after regular exposure to chlorpyrifos in field sprays compared with the non-spraying season for one fruit crop. However, they had sufficiently high chlorpyrifos exposure to significantly depress PChE activity. Indeed, it is clearly necessary to collect pre-exposure blood samples as a baseline to determine ChE activity. Our results are consistent with those of a study of 39 Australian pestcontrol operators exposed to a termiticide containing chlorpyrifos, and 34 unexposed control subjects. The authors noted AChE activity ranged from 30.50-46.50 nmol/min/ mg Hb in 32 control subjects, and the mean (37.04Ϯ0.63) did not differ from 35 chlorpyrifos-exposed workers (37.5Ϯ0.80; ANOVA pϾ0.05), while the mean serum ChE was 52% of control activity. 21) Nolan et al. also found that in six healthy male subjects, after administration of 0.5 mg/kg chlorpyrifos, PChE was depressed by 15% from pre-administration, while there was no inhibition of red blood cell ChE activity. 22) Other investigators also studied ChE activities among pest-control workers who used chlorpyrifos occupationally, and the result showed that mean PChE and AChE activities after pesticide exposure were significantly lower than pre-exposure values (pϽ0.05); 16 and 40% of the pestcontrol workers had PChE and AChE levels below 50% of the pre-exposure values, respectively. 23) We propose that farm-worker exposure to OPs, such as chlorpyrifos, may be monitored by measuring the activity of plasma cholinesterase (PChE), but not AChE. Therefore, from a biological point of view, it may be used as a potential biomarker in monitoring pesticide exposure in the field. 
